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. . 
THE OXYGEN DEFICIENCY 

TO REGULATIVE 
TEST. PRINCIPLES AND RELATIONSHIPS 
PROCESSES I N  THE ORGANISM. 

1 -  

I b j  ' H. B r i i n e r ,  K. Dietmann and K. E. Klein 

Systematic i n re s t iga t ions  of t he  e f f i c i ency  d e t e r i o r a t i o n  *fi 
i n  a defined oxygen deficiency ( "a l t i t ude  p o s i t i o n  experiment") 
f o r  a l a r g e  group of subjec ts ,  and mathematical evaluation of 
t h e  r e s u l t s  permit t he  p lo t t i ng  of a t y p i c a l ,  mean de ter iora-  
t i o n  curve and - v i a  a frequency d i s t r i b u t i o n  of t h e  end of 
e f f i c i ency  - t h e  establishment of two groups, A and B ,  with 
d i f f e r e n t  behavior i n  oxygen deficiency. 
old" is  reached, according to  these  f ind ings ,  only a f t e r  twice 
t h e  t i m e  previously assumed. The mean terminal e f f ic iency  and 
t h e  dura t ion  of e f f i c i ency  have c h a r a c t e r i s t i c  age curves: 
both increase  up t o  age 50. Disturbances t o  autonomic nervous 
functions behave inverse ly  t o  t h e  age curves of t h e  mean ter- 
minal e f f ic iency .  Another s t r i k i n g  r e l a t ionsh ip  e x i s t s  between 
posthypoxic eosinopenia and the two groups, A and B. 
r e l a t i o n s  demonstrated ind ica te  f u r t h e r  t e s t i n g  of t he  so-called 

The "crit ical  thresh- 

The cor- 

func t iona l  e f f ic iency  reserve". 11 

As a r e s u l t  of i n t ens ive  a l t i t u d e  research during t h e  pas t  four  decades 

and numerous s p e c i a l  patho-physiological i nves t iga t ions ,  w e  are today extensive- 

l y  o r i en ted  on t he  e f f e c t s  of acute  insp i ra tory  oxygen deficiency. The sympto- 

matics of t h e  a l t i t u d e  rise test (continual o r  step-wise decrease i n  in sp i r a to ry  

p02) o r  t he  a l t i t u d e  pos i t i on  test (sudden change from breathing air o r  oxygen 

t o  a firm, lowered, i n sp i r a to ry  p02) have been described i n  d e t a i l  by Henderson 

[12], Schneider [18], Barcroft  [2, ' 31, Strughold [19, 201, Hartmann [lo] , Ben- 

zinger [4, 51, Armstrong [I], Opitz 1151, et al. 

Systematic i nves t iga t ions  of oxygen deficiency i n  a group of over 3,000 

persons from 1 7  t o  50 years  of age gave us cause t o  r epor t  some n e w  po in t s  of 

v i e w  on t he  methods of t h e  a l t i t u d e  pos i t ion  test ( b a l l  tes t  process) i n  an 

earlier publ ica t ion  [7 ] ,  and a t  the  same time t o  poin t  ou t  t h a t  t h e  de te r iora-  

*LNumbers i n  t h e  margin ind ica t e  pagination of t h e  o r i g i n a l  fore ign  t e x t .  
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ti'on of c e n t r a l  somatic and autonomic nervous functions i n  oxygen deficiency 

does no t  by any means take p lace  according t o  a r e l a t i v e l y  r i g i d  p a t t e r n  i n  a l l  

test persons. 

. 

A t  t h i s  po in t ,  our previous observations should b e  supplemented, defined 

We should a l s o  inves t iga t e  what poss ib le  perspec- and s t a t i s t i c a l l y  assured. 

tives, i n  regard t o  a general  performance test, are opened by ind iv idua l  t e s t i n g  

of t h e  performance d e t e r i o r a t i o n  i n  defined, acu te  in sp i r a to ry  oxygen deficien- 

cy, beyond the  determination of oxygen deficiency tolerance.  

METHODICS 

I. W e  have already reported on t h e  methodics of t h e  oxygen deficiency experi- 

ment on which these  r e s u l t s  are based [ 6 ,  71, and a l s o  on t h e  eva lua t ion  of t h e  

b a l l  test. W e  now examined two groups of 200 and 250 persons ranging i n  age 

from 17 t o  50 during t h e  periods 1957/58 and 1958/59. Se lec t ion  w a s  made - /2 

only wi th  a view t o  obtaining a uniform d i s t r i b u t i o n  i n  a l l  age groups. The 

inves t iga t ions  w e r e  thus  conducted under oxygen deficiency conditions which 

corresponded exac t ly  enough t o  a sudden insp i r a to ry  oxygen content of 7 v01.-% 

(= 50.4 mm Hg O2 p a r t i a l  pressure). Two c r i t e r i a  can be  v a l i d  f o r  t h e  d e f i n i t i o n  

of t h e  end of t h e  experiment: 

1. 

2. 

The dec l ine  of t h e  b a l l  e f f ic iency  t o  0% and 

t h e  l o s s  of s p i n a l  and cen t r a l  con t ro l  of muscle tonus as evidenced by 

l o s s  of re f lexes .  

The subjec t  "t ips" from t h e  chair. This la t ter  criterior f o r  t he  "criti- 

cal  threshold" seems t o  us sharper than the  l o s s  of consciousness chosen by 

Strughold [19, 201. 

11. Neuroautonomic symptoms w e r e  determined i n  t h e  i n t e r n a l ,  o r  neurological 

2 



prk-examination by s p e c i a l i s t s  who were unaware t h a t  t he re  would be a subse- 

quent eva lua t ion  of t h e  f ind ings  i n  r e l a t ionsh ip  t o  the  oxygen deficiency test. 

Thus t h e r e  is  no sub jec t ive  underevaluation o r  overevaluation of these  purely 

c l i n i c a l  f indings.  

111. 

method of d i r e c t  counting given by Thorn 1221. 

before  and i n  t h e  lst, 2nd, 3rd and 4th hours a f t e r  t he  oxygen deficiency test. 

Modifying Thorn's procedure, we took t h e  blood from t h e  f inger .  

done immediately a f t e r  preparation of t h e  blood and t h e  average w a s  computed 

from f o u r  counting chambers. S t r i c t  abstinence from food w a s  demanded of t h e  

s u b j e c t s  during the conduct of t h e  inves t iga t ion .  

The counting of eosinophils was done i n  strict accordance with t h e  f i r s t  

Blood samples w e r e  taken s h o r t l y  

Counting w a s  

IV. In t h e  mathematical treatment of our r e s u l t s ,  p a r t i c u l a r l y  i n  t e s t i n g  

. s ign i f i cance ,  we  employed the customary methods (zero hypothesis) f o r  computing 

t h e  arithmetic mean = x, t h e  mean deviation (standard deviation) = s and t h e  

p robab i l i t y  P. 

RESULTS 

1. The mean e f f i c i ency  de te r io ra t ion  i n  oxygen deficiency, determined with 

t h e  b a l l  test process, follows the  course of t h e  curve shown i n  Figure 1 - with- 

out regard t o  d i f f e r e n t  age groups. Reaction threshold,  disturbance threshold 

and t i m e  reserve  generally agree w i t h  t h e  va lues  previously published by Strug- 

hold [19, 201 fo r  7,500 m a l t i t u d e  INA. Strughold r epor t s  an average 6.5 m i n .  

f o r  t h e  so-called "crit ical  threshold" (Figure 1). The "crit ical  threshold" 

according t o  Strughold means t h e  loss of consciousness, possibly t h e  beginning 

of coilvulsions. Even with broad i n t e r p r e t a t i o n  of these  symptoms, w e  are un- 

ab le  t o  determine t h e  occurrence of t h e  "cri t ical  threshold" before t h e  11th  
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miGute on t h e  average. 

n i t i o n  given i n  t h e  methodics, the  c r i t i c a l  threshold may, on t h e  average, be 

reached only a t  a considerably latrer time. 

given on t h e  length  of t h e  so-called "remaining time" ( i . e . ,  t h e  time from t h e  

cr i t ical  threshold t o  death from oxygen deficiency) f o r  humans. The average 

course of de t e r io ra t ion  i n  Figure 1 again e luc ida tes  t h e  observation [7 ]  t h a t ,  

as a r u l e ,  dec is ive  changes o r  permutations i n  t h e  reac t ions  of t h e  organism 

occur i n  t h e  3rd, 4th and 5 t h  minute. As is t o  be expected, t h i s  "critical 

de te r iora t ion"  ( s teeply  declining sec t ion  of curve) occurs a t  d i f f e r e n t  times 

depending on t h e  ind iv idua l .  

With very cr i t ical  evaluation, employing out  own def i -  

Naturally,  no exact da ta  can be 

/3 

- 

I I 

fin. 

Figure 1. 
(Po2 insp.  50.4 mm Hg) N = 200. 

s e n t s  t h e  reconstructed de te r io ra t ion  according t o  Strug- 
hold. 

M e a n  e f f ic iency  de te r io ra t ion  i n  acute hypoxia 
The broken curve repre- 

2. As already reported [ 6 ,  71, observation of a l a r g e  number of sub jec t s  

i n  t h e  oxygen deficiency test l e d  us t o  t h e  empirical  formulation of two charac- 

ter is t ic  r eac t ion  types: 

type B with e f f i c i ency  d e t e r i o r a t i o n  which lasts longer and e x h i b i t s  an asymp- 

t o t i c  course. I f  t h i s  observation is  co r rec t ,  i t  must be de t ec t ab le  i n  a f r e -  

type A w i t h  b r i e f ,  r ap id ly  f a i l i n g  e f f i c i ency ,  and 

I 
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Figure 2. 
acu te  hypoxia (Po2 insp. 50.4 mm Hg) N = 250. 

Frequency d i s t r i b u t i o n  of e f f i c i ency  l i m i t  i n  

quency d i s t r i b u t i o n  of t h e  e f f i c i ency  l i m i t .  Figure 2 provides t h i s  proof. /4 
The p robab i l i t y  t h a t  t h e  polygonal f igu re  represents  two sepa ra t e  groups of 

. approximately normal d i s t r i b u t i o n  i s  very great.  On t h e  o the r  hand, it is very 

improbable t h a t  Figure 2 involves t h e  d i s t r i b u t i o n  of a homogeneous group. The 

two groups merge i n  t h e  eighth minute. For reasons t o  be discussed later,  such 

an overlapping is a l s o  t o  be expected. 

Figure 3. 
i n  acute  hypoxia (Po2 i m p .  50.4 nun Hg) N = 200. 

Mean ef f ic iency  d e t e r i o r a t i o n  of groups A and B 

3.  With the  frequency d i s t r i b u t i o n  of Figure 2,  t h e  two groups, A and B ,  
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TABLE 1 (TO FIGURE 3). MEAN EFFICIENCY DETERIORATION 
OF GROUPS A AND B I N  ACUTE fFypOXIA. 

- - 
minute X S P S X 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

97.4 
89.9 
68.2 
34.4 
16.1 

7.7 
4.9 
3.4 
2 . 1  
0.9 
0.3 

10.6 
13.1 
30.4 
25.0 
17.4 
12.0 

9.3 
9.4 
7.9 
5.8 
3.2 

7.6 
12.6 
18.6 
21.0 
21.4 
21.3 
20.3 
20.7 
18.6 
19.4 
15.8 
18.9 

96.0 
93.2 
77.9 
58.8 
44.2 
46.4 
35.9 
32.3 
30.0 
29.3 
27.8 
26.0 

are proved w i t h  grea t  probabi l i ty  and approximately defined. 

fu r the r  analyzed comparatively. 

They can now be 

The f i r s t  point  of i n t e r e s t  is the m e a n  e f f i -  

ciency de te r io ra t ion  of each of the  two groups, as presented i n  Figure 3. /5 
The e f f i c i ency  values d i f f e r  s ign i f i can t ly  from each o ther  even from the  t h i r d  

minute on (Table 1). 

leads t o  absolute inef f ic iency  and t o  r a p i d  attainment of t h e  so-called "cri- 

t i ca l  threshold". On t he  other  hand, t h e  "cri t ical  de te r iora t ion"  i n  group B 

is  followed by a more o r  less s t rongly pronounced compensation phase which m a n i -  

f e s t s  i t s e l f  i n  an ef f ic iency  l e v e l  which slowly, asymptotically drops toward 

zero. 

The so-called " c r i t i c a l  deter iorat ion" i n  group A quickly 

This compensation process can sometimes be seen d i r e c t l y  i n  the  course of 

t he  de t e r io ra t ion  curve. 

a f t e r  t he  " c r i t i c a l  deter iorat ion".  

A t r ans i to ry  increase  of e f f ic iency  by 20-30% follows 

4. The bas i c  criteria which determine t h e  group t o  which a subjec t  belongs 

are the  time of t h e  end of e f f ic iency  ( b a l l  e f f ic iency  approximately zero) and 

6 



Figure 4 .  
(a) and of the end of efficiency (b) in acute hypoxia 
(Po2 insp. 50.4 mm Hg) . 

Age variation of the mean terminal efficiency 

6a 



t h i  m e a n  e f f ic iency ,  pa r t i cu la r ly  t h e  mean terminal e f f ic iency ,  i.e. , t h e  ef-  

f i c i ency  after the  ' 'critical deterioration".  Previous observations had already 

shown t h a t  age is obviously a f a c t o r  of these  criteria. Figure 4 shows an 

ana lys i s  of t h i s  age dependence. 

TABLE 2 (TO FIGURE 4). AGE VARIATION OF THF, MEAN TERMINAL 
EFFICIENCY AND OF THE END OF EFFICIENCY I N  ACUTE HYPOXIA. 

- 17-22 > 41 
Age groups X S P S X 

- 

Mean terminal e f f ic iency  (percent) 6 . 3  11.9 < 25.0 21.1 
End of e f f ic iency  (min.) 6.9 3.1 < 2.8 9 .1  

These two cri teria assume higher values with increasing age with a c e r t a i n  

r egu la r i ty ,  i.e., i n  t h e  age group we invest igated,  t he  mean terminal e f f i -  /6 
ciency and t h e  absolute  durat ion of the  test improve with older  age. 

a t i o n  of end of e f f ic iency  (time) describes an approximately s t r a i g h t  line; t h a t  

of mean terminal e f f ic iency ,  a hyperbole. Schwarz E201 found a similar age 

dependence f o r  the  t i m e  reserve i n  climbing experiments. 

treme age groups are s ign i f i can t ly  d i f f e ren t  f o r  t he  mean terminal e f f ic iency  

and f o r  t h e  end of e f f ic iency  (Table 2) .  

The var i -  

The values of t he  ex- 

5. After  determination of the  age deviat ion of 02 deficiency res i s tance ,  

it seemed advisable t o  look f o r  age dependence of o ther  b io logica l  magnitudes 

o r  changes. 

se lec ted  autonomic-nervous funct ional  disturbances (Curtius et  al. [ 8 ,  91) f o r  

reasons of methodology. 

Geriatric research offered a wealth of material from which w e  f i r s t  

From t h e  i n t e r n a l  and neurological f indings,  t he  following w e r e  recorded 

as symptoms of autonomic-nervous funct ional  disorders  (see a l s o  methodology): 

7 



Figure 5. 
turbances 
nal e f f i c i  

age groups 4 
Age devia t ion  of autonomic nervous 

(a) i n  comparison with age deviation 
.ency (b) i n  acute hypoxia (Po insp.  2 

func t iona l  dis- 
of mean termi- 
50.4 mm Hg). 

. r e sp i r a to ry  arhythmia, eretic functioning,pronounced dermographia, hyperhidrosis,  

Chvostek's symptom, tremor, l i d  f l u t t e r ,  increased p a t e l l a r  tendon r e f l ex ,  For 

every age group the  symptom frequency was  computed, t h e  i n i t i a l  value of t h e  

youngest group was  set = loo%, and t h e  course f o r  the  o the r  age groups w a s  ex- 

pressed i n  a percentage basi?d on the 100% of t h e  youngest age group (Figure 5). 

TABLE 3 (TO FIGURE 5 ) .  AGE DEVIATION OF AUTONOMIC 
NERVOUS FUNCTIONAL DISORDERS. 

- I I - L L  > 41 
Age groups X S P S X 

- 

Symptom frequency 2.49 1.4 < 10-9 1.2 1.33 
I n  percent 100 - - - 53 

From Figure 5 i t  can be seen tha t  t h e  autonomic-nervous func t iona l  d i s -  /7 

8 



tucbances become less with increasing age a f t e r  a peak i n  t h e  e a r l y  twenties. 

The age curve the re fo re  runs i n  an opposite m a n n e r  from t h a t  of t h e  mean e f f i -  

ciency, i.e., t h e  more pronounced t h e  autonomic-nervous func t iona l  d i sorders  i n  

a sub jec t ,  t h e  less h i s  e f f i c i ency  i n  t h e  oxygen deficiency test. 

6 .  I f  we proceed from t h e  idea  t h a t  t h e  oxygen deficiency represents  an 

unspec i f i c  stress reac t ion  i n  t h e  body (von Muralt [14], Briiner and Dietmann 

[7], Schafer [16]), then, based on the concepts of t he  stress mechanism (Selye 

[17], Thorn [22]), a change i n  t h e  eosinophile leukocyte count i n  t h e  blood 

stream must be detected. 

test ( see  methodology), we conducted counts of t h e  eosinophils up t o  four  hours 

a f t e r  t h e  oxygen deficiency and compared them t o  t h e  i n i t i a l  values. 

s u l t s  are shown i n  Figure 6. 

po in t  i n  the  t h i r d  hour a f t e r  oxygen deficiency. 

f o r  t h e  sub jec t s  of group A than f o r  those of group B. 

Therefore, observing t h e  precautions f o r  t h e  Thorn 

The re- 

There is a marked drop i n  eosinophils with a l o w  

. The drop i s  c l e a r l y  g rea t e r  

The d i f fe rences  i n  t h e  

hour 

Figure 6. 
acute hypoxia (Po2 insp. 50.4 mm Hg) . Decrease of eosinophils i n  t h e  blood a f t e r  

9 



~ p e k e n t  decrease f o r  t h e  t h i r d  and fourth hours are s i g n i f i c a n t  (Table 4). 
I 

TABLE 4 (TO FIGURE 6). DECREASE OF EOSINOPHILS 
I N  Tm BLOOD m E R  ACUTE HYPOXIA. 

Group 
decrease 
i n  t h e  X S P S X 

- A B - 

1st hour 62.3 20.2 < 3 10-1 13.6 71.5 
2nd hour 42.2 16.2 < 3 10-1 12.7 47.0 

4 th  hour 37.8 19.2 < 5 10-2 21.8 51.3 
3rd hour 32.8 13.6 < 10-2 12.0 44.7 

The d i f f e r e n t  stress e f f e c t  is expressed even more c l e a r l y  when a group /8 
- -  

of s u b j e c t s  is subjected t o  oxygen deficiency f o r  an  equal ly  long period of 

time. W e  subjected each subjec t  of a small group t o  a hypoxia of 50.4 mm Hg 

I . insp. f o r  f i v e  minutes and then compared t h e  eosinophils wi th  t h e  i n i t i a l  val- 

ues up t o  4 hours. The regular  oxygen deficiency test was  conducted t h e r e a f t e r  

and used t o  determine t h e  group t o  which t h e  subjec t  belonged. This showed a 

I more c l e a r l y  marked d i f f e rence  between s h o r t  and long dura t ion  of experiments, 

i .e.,  between groups A and B. The decrease f o r  t h e  B types averaged only 30%; 

f o r  t h e  A types, over 70%. 

7. Several  bas i c  f ind ings  f o r  both A and B groups are again compared i n  

Figure 7. As is  t o  be expected on the b a s i s  of t h e  age curves f o r  mean e f f i -  

ciency and duration of experiment, the  mean age of group B is higher. The mean 

experiment duration is computed from the frequency d i s t r i b u t i o n  (Figure 2) of 

both groups; t h e  mean t o t a l  e f f ic iency ,  from the d e t e r i o r a t i o n  curves of - 19 

Figure 3. The symptom frequency of neuro-autonomic func t iona l  disturbances of 

group A w a s  set = 100%. In comparison, 80% (symptom frequency) w a s  computed 

f o r  group B. The eosinophils drop on the  average t o  33% of t h e  i n i t i a l  value 

10 



4 

1. 1' 2 - 

KEY: 
ment) i n  min. 4 - dis- 
orders of neuro-autonomic functions. 5 - decl ine  i n  
eosinophils i n  the  3 hours a f t e r  hypoxia as % of i n i t i a l  
value. 

1 - average age. 2 -mean t i m e  (duration of experi- 
3 - mean t o t a l  e f f ic iency  i n  %. 

Figure 7. 
acu te  hypoxia (Po2 insp.  50.4 mm Hg) . Synopsis of groups A and B according t o  t h e i r  behavior i n  

TABLE 5 (TO FIGURE '7). SYNOPSIS OF GROUPS A AND B. 

average age of t he  group 

mean t i m e  i n  minutes 

mean t o t a l  e f f ic iency  

< 10-4 A 29.2 9.1 
B 34.0 9.2 

A 5.3 301 < 10-9 
B 10.5 1.8 

< 10-9 A 27.1 38.2 
B 49.3 30.8 

2.35 1.36 

functions (symptom frequency) 1.90 1.68 < disorders  of neuro-autonomic (100%) 

( 80%) 

< 10-2 Percent decrease i n  eosinophils A 32.8 13.5 
i n  the  t h i r d  hour B 44.7 12  .o 
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foi? group A; t o  45% f o r  group B. The computation of s ign i f icance  f o r  t h e  d i f -  

fe rences  between groups A and B can be seen i n  Table 5. 

DISCUSSION OF RESULTS 

An exact, t yp ica l ,  ind iv idua l  curve, t h e  course of which ind ica t e s  t h e  de- 

t e r i o r a t i o n  of c e n t r a l  autonomic and somatic nervous regula t ions ,  can be  derived 

i n  t h e  so-called "a l t i t ude  pos i t i on  test" a t  7,500 m (corresponding t o  an insp. 

O2 p a r t i a l  p ressure  of 50.4 mm Hg a t  100% humidity and 37OC) with t h e  b a l l  test 

process. 

reserve" are confirmed. 

t h e  "cri t ical  threshold". 

minute, i.e., twice as l a t e  as previously reported (6.5 minutes according t o  

Strughold [19, 203, Figure 1). 

f inding  for f l i g h t  medicine w i l l  n o t  be discussed here. 

Data reported previously on t h e  "stimulus thresholds" and t h e  "time 

On t he  other hand, w e  must co r rec t  t h e  t i m e  given f o r  

According t o  our f ind ings ,  i t  occurs a f t e r  t h e  12th  

A poss ib le  p r a c t i c a l  i n t e r p r e t a t i o n  of t h i s  

The concept of two d i f f e r e n t  reac t ion  types i n  oxygen deficiency, which w e  

derived empirically,  w a s  mathematically-graphically defined and confirmed by 

s ta t is t ical  methods (Figure 2). 

but not uniformly d i s t r ibu ted .  

(10 t o  30); t h e  B types,  i n  the  older. The t r a n s i t i o n  l ies between 25 and 35. 

It can be  seen from t h e  overlapping of t h e  frequency d i s t r i b u t i o n  and from t h e  

s t e e p  po r t ion  of t h e  age curve f o r  mean e f f i c i ency  (Figure 4). 

Both r eac t ion  types occur i n  a l l  age groups, 

The A types predominate i n  t h e  younger groups 

In a c a r e f u l  study of l i t e r a t u r e ,  we came across  s t u d i e s  by Schneider and 

Lutz [18, 131 from 1919-1921, i n  which t h e  authors reported similar observa- 

t i o n s  with re ference  t o  our two groups o r  r eac t ion  types A and B. 

Lutz r epor t  a r a t i o  of 46:54 f o r  " fa in te rs"  and %on-fainters". 

they understood sub jec t s  who, a f t e r  a r e l a t i v e l y  b r i e f  oxygen insuf f ic iency  and 

Schneider and 

By " fa in te rs"  
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I as'a r e s u l t  of primary f a i l u r e  of r e sp i r a t ion  and c i r cu la t ion ,  suf fe red  a more 

o r  less pronounced co l lapse ,  while the "non-fainters", with adequate resp i ra -  

t o ry  and c i r cu la to ry  regula t ion ,  slowly l o s t  consciousness a t  a later t i m e  as 

a r e s u l t  of t h e  ce reb ra l  e f f e c t s  of hypoxia. 

by Strughold E191 and by Armstrong [ l ] ,  no p r a c t i c a l  conclusions w e r e  ever 

Although t h i s  repor t  i s  mentioned 

I 

drawn from it. 

i d e n t i c a l  with t h e  "fainters" and "non-fainters" of Lutz and Schneider. 

However, w e  are of t h e  opinion t h a t  t h e  causes of t h e  ea r ly ,  r e l a t i v e l y  abrupt 

f a i l u r e  of t h e  A types, o r  "fainters", are not  t o  be found, a t  least  not ex- 

W e  have no doubt that our  A and B groups are approximately 

- / l o  

I 

I c lus ive ly ,  i n  a primarily poor regula t ion  of r e s p i r a t i o n  and c i r cu la t ion ,  W e  

w i l l  d i scuss  t h i s  very i n t e r e s t i n g  question and present  experimental r e s u l t s  i n  

a later publication. 

The reactive behavior i n  a defined oxygen deficiency - i.e., t h e  de te r io-  

r a t i o n  curve determined by us - can be viewed as s p e c i f i c  r eac t ion  t o  hypoxia. 

Under these  circumstances, t h e  t es t  r e s u l t s  would permit only a statement on 

oxygen deficiency tolerance.  W e  know wi th  a good degree of c e r t a i n t y  t h a t  the  

func t iona l  proficiency of ce reb ra l  centers i s  dependent on p a r t i a l  oxygen pres- 

s u r e  i n  t h e  ce reb ra l  c a p i l l a r i e s  and in t h e  venous c a p i l l a r y  peduncle. 

constant i n sp i r a to ry  oxygen pressure,  t h e  oxygen tens ion  on t h e  venous s i d e  of 

t h e  c e n t r a l  c i r c u l a t i o n  is t h e  r e su l t an t  of numerous ind iv idua l  f a c t o r s ,  which 

can be represented with s u f f i c i e n t  accuracy by t h e  following main components: 

With 

1. t h e  pressure  drop of t h e  oxygen from t h e  in sp i r ed  a i r  t o  t h e  arterial 

blood, 

2 .  c i r cu la to ry  volume p e r  minute, 

3. regula t ion  of blood d i s t r i b u t i o n ,  

4. c e n t r a l  oxygen consumption, 

13 



* 5. resp i ra tory  quot ient ,  

6. oxygen capacity of t he  blood, 

7. binding capacity of t h e  carbon dioxide i n  the  blood ( a l k a l i  reserve) .  

A l l  components named can become l imi t ing  fo r  a d e f i n i t e  oxygen deficiency 

resistance e i t h e r  i so l a t ed  or ,  what i s  much more probable by t h e i r  c lose  regu- 

lative connection, combined. On t h e  other  hand, however, t h e  funct ional  pro- 

f ic iency  of these  components o r  t h e i r  good regulatory in t e rac t ion ,  is a decis ive 

condi t ion f o r  a good funct ional  eff ic iency of the  organism. Functional weak- 

nesses i n  e f f ic iency ,  which produces a lessened oxygen deficiency r e s i s t ance ,  

w i l l  have an unfavorable e f f e c t  with a l l  other  stresses on these regulat ion 

systems. 

oxygen deficiency tolerance a spec i f i c  magnitude, but i t  a l s o  permits an ex- 

tens ive  statement concerning t h e  funct ional  prof ic iency of v i t a l  regulat ion 

systems. 

This furnishes  t h e  f i r s t  bas i s  f o r  our concept t h a t  not  only is t he  

. 

This  concept receives  considerable support from the  behavior of t he  eosin- 

ophi le  leukocytes a f t e r  acute hypoxia of s u f f i c i e n t  i n t ens i ty .  

f ic iency  apparently evokes a typ ica l  stress s i t u a t i o n ,  t h e  e f f e c t s  of which - 
seen f o r  example i n  the  decl ine of eosinophils - can be cor re la ted  with the  ex- 

t e n t  of 

equal magnitude (5 mins. 02 deficiency) f o r  a l l  subjec ts ,  t he  response is con- 

s iderably  grea te r  f o r  t he  A types. The same "stessor" causes a g rea t e r  stress. 

The quan t i t a t ive  d i f fe rences  of unspecific stress react ions,  f o r  t h e  same stim- 

ulus ,  which vary with the  ind iv idua l  and are sometimes q u i t e  l a rge  (Selye [171), 

The oxygen de- 

t he  oxygen deficiency tolerance (Figure 6) .  With a stimulus of - 111 

may possibly thus be made access ib le  t o  a d i r e c t  quan t i t a t ive  analysis .  

Final ly ,  t he  systematic inves t iga t ion  of disturbances t o  autonomic nervous 

funct ions i n  our subjec ts  leads t o  the s t r i k i n g  r e s u l t  t h a t  t h e  mean ef f ic iency  
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intireases as t h e  symptoms decrease (Figure 5). Here, too, t h e  conclusion can 

be drawn t h a t  d i sorders  i n  autonomic regulation can be co r re l a t ed  t o  a reduced 

. 

resistance t o  oxygen deficiency, and t h a t ,  on t h e  o ther  hand, s t a b l e  autonomic 

functioning is l inked  t o  a high resistance t o  oxygen deficiency o r  mean e f f i -  

ciency i n  oxygen deficiency. 

The problem of oxygen deficiency as a test t o  determine t h e  func t iona l  

soundness of v i t a l l y  important regulation systems ("functional capacity reserve") 

has  not been t r e a t e d  exhaustively with these  remarks. Moreover, t h e  questions 

r a i sed  by t h i s  study w e r e  intended only t o  po in t  out t h e  poss ib le  perspectives 

of t h e  problem. I n  a f u t u r e  publication w e  s h a l l  at tempt,  on t he  b a s i s  of ex- 

perimental r e s u l t s  - some not  y e t  published - t o  present a de t a i l ed  j u s t i f i c a -  

t i o n  of our concept of t h e  app l i cab i l i t y  of t h e  oxygen deficiency tes t  f o r  

studying t h e  human "functional e f f ic iency  reserve". 

SUMMARY 

Systematic i nves t iga t ions  of t he  e f f i c i ency  d e t e r i o r a t i o n  i n  a defined 

oxygen deficiency ( "a l t i t ude  pos i t i on  experiment") f o r  a l a r g e  group of sub- 

jects, and mathematical evaluation of t h e  r e s u l t s  permit t h e  p l o t t i n g  of a typi-  

cal, mean de te r io ra t ion  curve and - via  a frequency d i s t r i b u t i o n  of t h e  end of 

e f f i c i ency  - t h e  establishment of two groups, A and B, w i th  d i f f e r e n t  behavior 

i n  oxygen deficiency. The so-called "crit ical  threshold" is reached, according 

t o  these  findings,  only a f t e r  t w i c e  t h e  t i m e  previously assumed. The mean 

terminal e f f i c i ency  and t h e  dura t ion  of e f f i c i ency  have c h a r a c t e r i s t i c  age 

curves: both increase up t o  age 50. 

Disturbances t o  autonomic nervous functions behave inverse ly  t o  t h e  age 

curves of t h e  m e a n  terminal e f f ic iency  and dura t ion  of e f f i c i ency .  Another 
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st r - iking r e l a t ionsh ip  exists between t h e  posthypoxic eosinopenia and the  two 

groups, A and B. The oxygen deficiency stress apparently t r i gge r s  a grea te r  

r eac t ion  of the  hypophysis-adrenal cortex system i n  the  A types than i n  the  B 

types. 

The cor re la t ions  shown in the  comparison of disturbances i n  autonomic /12 
nervous funct ions with mean eff ic iency,  and of posthypoxic eosinopenia with t h e  

r eac t ion  types open concrete perspectives f o r  a t e s t i n g  of t he  so-called "func- 

t i o n a l  e f f ic iency  reserve". 
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